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samples were denatured at 96°C and cooled on ice. Electrophoresis was carried out in 
1 x TBE electrophoresis buffer (89.15 mM Tris, 88.95 mM boric acid, 2 mM EDTA 
(pH8.0)) using a Hoefer Poker Face II SE 1600 vertical electrophoresis apparatus. Up 
to 60 reactions (lanes 3.5 mm wide) were loaded onto a 0.4 mm thick, 432 mm long 6% 
polyacrylamide gel (6% 20:1 acrylamide:bis-acrylamide solution, 8M urea, 1 x TBE 
electrophoresis buffer) and electrophoresed at a constant power of 65 W for 2-3 hours. 
The A-T sequence of the M13 genome downstream of the -40 primer annealing site 
was loaded in two lanes among the samples for subsequent use as a size standard to 
score alleles. Post-elecrophoresis, the gel apparatus was dismantled and the gel 
transferred onto Whatman 3MM filter paper, dried at 80°C for 2 hours, exposed to x-
ray film (Agfa or Cronex) in a light-proof cassette for 3 hours to 7 days and then 
developed. 
2.4.7 Optimisation results 
Results of the optimisation procedure are applicable to both plains and mountain 
zebras and will therefore be discussed here. Of the 20 prospective horse microsatellite 
loci tested, 15 amplified polymorphic fragments in both plains and mountain zebra 
(Table 2.2). For loci HTG 8 and HTG 10, no amplification product was obtained, 
regardless of reagent, primer and template titrations. Loci HTG 6 (Fig 2.2) and AHT 16 
(Fig 2.3) amplified well but were not polymorphic in either of the two zebra species 
studied. Locus HMB 5 could be amplified only when DNA was of the highest quality 
(A260/A280 > 1.9). As many of the DNA samples used in this study were extracted 
from unfavourable sources such as tanned skins and rotted carcasses, locus HMB 5 
was excluded from further use owing to its erratic nature. All other loci amplified well 
under prescribed or modified conditions. 
DeHoop Namibia Botswana 
7 9 13 5 13 16 20 I 2 4 7 10 14 
Figure 2.2. Monomorphic peR products at Locus HTG 6 (Ellegren et al. 1992). A selection 
of individuals of both mountain (OeHoop) and plains zebra (Namibia and Botswana) from three 
genetically diverse populations was chosen. 
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Mountain zebra Plains zebra 
Gamka Otjivasandu 
Figure 2.3. Monomorphic peR products of a selection of two zebra species from four 
populations at Locus AHT 16 (Swinburne et al. 1997). Populations Otjivasandu, Namibia and 
Western Zimbabwe are free ranging, outbred and usually contain high genetic diversity. 
Table 2.2. Summary information for horse (Equus caballus) dinucleotide microsatellite 
loci tested in plains and mountain zebras. T(A) is the prescribed annealing temperature for 
each locus. The AMP column indicates whether the locus amplified (+) or did not amplify (-) in 
zebras and loci were denoted as polymorphic (+) or non-polymorphic (-) loci in mountain (MZ) 
and plains (PZ) zebras. 
Locus Repeat Motif T(A) Reference AMP Polymorphism 
MZ PZ 
HMB1 (GT)1e 63°C Binns et al. 1995 + + + 
HMB5 (GT)14 65°C -/+ + + 
HTG 3 (TG)16 63°C Ellegren et 81. 1992 + + + 
HTG 5 (TG)15 63°C + + + 
HTG 6 (TGho 55°C + 
HTG 7 (TG)19 55°C Marklund et 81. 1994 + + + 
HTG 8 (TG)17 55°C 
HTG 9 (TG)17 55°C + + + 
HTG 10 (TG)1S 55°C 
HTG 11 (GT),s 55°C + + + 
HTG 14 (TG)14 55°C + + + 
HTG 15 (TG)14 55°C + + + 
LEX 20 (TG) 19 55°C Coog Ie et 81. 1996 + + + 
LEX 52 (TG)13 55°C Coogle and Bailey, 1997 + + + 
VHL47 (CA) 13 55°C van Haeringen et 81. 1998 + + + 
AHT16 (TGh3 60°C Swinburne et 81. 1997 + 
AHT21 (GT)z1 60°C + + + 
UCDEQ 505 (GT)17 55°C Eggleston-Stott et 81. 1997 + + + 
TKY 273 (CA)22 55°C Tozaki et al. 2000 + + + 
COR 014 (GT)21 58°C Hopman et 81. 1999 + + + 
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Multiplex peR, where more than one locus is amplified in the same reaction, was most 
successful when used to simultaneously amplify two loci (Fig. 2.4). When three loci 
were multiplexed (Fig 2.5), increased amplification of non-specific by-product and the 
relative proximity of loci on electrophoresis made scoring of alleles difficult. 
Lowveld 
7 8 9 10111213141516171819202122 23242526272829 303132 33 
203bP-a,. 
197 bp 199bp 
Figure 2.4. PCR amplification products of a two-locus multiplex reaction in a population 
of plains zebra. Upper locus, LEX 52 (Coogle and Bailey, 1997). Lower locus, VHL 21 (van 
Haeringen et al. 1998). 
Lowveld 
9 10 111213 141516 171819 20 2122 23 24 2526 27 28 29 30 31 32 33 
Figure 2.5. PCR amplification products of a three-locus multiplex reaction in a population 
of plains zebra showing the potential difficulty of scoring alleles when allelic size ranges 
of loci may overlap. This is exacerbated by individuals that are homozygous for one locus and 
heterozygous for the other (eg. individuals 19 and 33) and by non-specific amplification 
products. Upper locus, AHT21 (Swinburne et al. 1997). Middle locus, TKY273 (Tozaki et al. 
2000). Lower locus, HTG15 (Marklund eta/. 1994). 
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Chapter 3: Genetic drift and population structuring in the 
mountain zebra (Equus zebra) 
3.1 INTRODUCTION 
Mountain zebras (Equus zebra) were the first zebras described in science by Linnaeus 
when he introduced his binomial scientific nomenclature in 1758. The species was re-
described by Gray (1852) as Hippotigris. The "mountaineering hippotigrines" (Woods, 
1960) are the smallest of the zebras with a mass of 234 - 298 kg and they stand 124-
150 cm at the shoulder (Skinner and Smithers, 1990). Their ground colour is white, 
overlaid with black or chocolate brown stripes, which are anteriorly narrow and 
numerous but become wide and dark at the hindquarters. 
Figure 3.1. Family group of mountain zebras at the Mountain Zebra National Pari<. 
Distinguishing features depicted here include the grid-iron pattem on the croup, the dewlap 
ventral to the throat, an orange-brown muzzle and large, rounded ears. Picture copyright: A. 
Bannister; The National Parks of South Africa. Struik, 1983 
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documented sightings at Riebeeck's Casteel, Paardeberg, Saronberg, Meerhofs 
Casteel and the Attaqua Mountains (Bigalke, 1952). As European settlement moved 
eastward, mountain zebras were found as far east as the Amatola Mountains. They 
never occurred further east or north into the Drakensberg Range since the altitude of 
these mountains meant that mountain zebra would have been subjected to frequent 
snowfalls. From records kept at the Mountain Zebra National Park (Penzhom, 1984a) 
and from the Kouga Mountains (Millar, 1970a), mountain zebras, especially the very 
old and very young, suffer high mortality during particularly heavy snowfalls. Owing to 
the lower carrying capacity of their type habitat, it is unlikely that they were ever as 
numerous as E. quagga, their plains relatives. 
E. z. zebra 
Figure 3.2. Historic distribution of mountain zebra in southern Africa. Hartmann's 
mountain zebra (E. z. hartmannae) ranged along the Namib Escarpment from Mossamedes to 
the Kamiesberg. Cape mountain zebra (E. z. zebra) occurred in the fold mountain region south 
of the Great Karoo from the Roggeveldberg to the Amatola Mountains. 
Governor van der Stel's expedition to Namaqualand in 1685 was the first to describe 
mountain zebras in the Kamiesberg (Bigalke, 1952). In German South West Africa 
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transaction dated May 1909, Katzenstein purchased from Heyns two Cape mountain 
zebra (see Fig. 3.3), for the combined sum of £300 (letter from F. Katzenstein to O. 
Heyns, supplied by P. Heyns). Katzenstein visited the Heyns family on at least five 
subsequent occasions between 1909 and 1926, purchasing "about a dozen zebras" 
each time (I. Groenewalt, pers. comm.). Millar (1970b) reported that a further 30 
animals were captured from this part of the Outeniqua Mountains in 1928 and sent to 
Europe. Most did not survive the journey. Heyns's son, Paul, finally put a stop to the 
exportation and dedicated his efforts to the preservation of the Beveraaskloof zebras. 
However, numbers continued to decline as hunting and farming in the area became 
more intensive (van der Westhuizen, pers. comm.). From an estimated 150 animals in 
1930, only 40 Outeniqua zebras existed in small herds on the northern slopes by 1937 
(Millar, 1970b). At the western end of the Outeniqua range, the small herd that existed 
on the farm Saffraanrivier died out by about 1961. 
Figure 3.3. Franz Katzenstein on his first visit to Groot Doringrivier in May 1909. Also 
pictured are Walter and Dora, the two Outeniqua Cape mountain zebras purchased from Ockert 
Heyns. Only the male on the left is stemally striped. Picture supplied by P. Heyns, Mount Hope, 
Beveraaskloof. 
In other areas, the government-subsidised fencing scheme, initiated in the 1920s, 
radically altered the ability of mountain zebras to roam freely the areas they had in the 
past (Butler, 1999). In the few areas where mountain zebras were tolerated, their 
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Figure 3.4. The capture of ''Witch'', the last of the Outeniqua m untain zebras, 1970. The 
Outeniqua Mountains supported the largest population of Cape mountain zebras 20 years 
earlier. Picture: van der Westhuizen, Klipdrift, Beveraaskloof. 
3.1.7.3 Kouga Mountains 
One of the few things known about the Kouga Mountains was that they were home to a 
few relict Cape mountain zebra 0Noods, 1962). The Kouga Mountains are actually 
three parallel ridges running from west to east, between Willowmore and Patensie in 
the Eastern Cape Province. The narrow valley of the Upper Gamtoos River separates it 
from the Baviaanskloof Mountains in the north and the Kouga River Valley separates it 
from the Tsitsikarnma Mountains in the south. In 1937, there were an estimated 25 
Cape mountain zebras in the central Kouga Mountains, near the settlement of Studtis 
(Millar, 1970b). Woods (1962) visited the area and was led to within 50 yards of a male 
and female zebra. The 1968-1969 census discovered that seven animals remained, all 
in the vicinity of Studtis. The larger herd consisted of five zebras. The male of the pair 
seen by Woods in 1962 died in the heavy snowfall of June 1968 but fresh signs of the 
old female were found. 
The CNC capture team was dispatched to the central Kouga Mountains in December 
1971. Capture nets were erected in Moordenaarskloof where a breeding pair were 
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caught and at Kasey's Kloof where a further two males were captured. The nature of 
the terrain was such that the zebras needed to be immobilized and airlifted on a 
stretcher. A remaining stallion was located and darted above Kotze's Farm but died 
soon after the administration of the antidote in a holding pen. The Moordenaarskloof 
pair were released on DeHoop and the Kasey's Kloof males were taken to the MZNP. 
None of the four captured Kouga mountain zebras reproduced. The last known record 
of zebra occurrence in the Kouga Range was in 1982 (Lloyd, 1984) and the population 
is now believed to be extinct. 
3.1.7.4 Kammanassie Mountains 
The Kammanassie Mountains, an inselberg standing 4000 feet above sea level, lies 
between the towns of Dysselsdorp in the west and Uniondale in the east The range is 
steep with deep ravines and kloofs. The upper sections of the Kammanassie Range 
were state owned, very rugged and under the jurisdiction of the Department of 
Forestry. It was discovered that 16 zebras divided into four separate herds with two 
lone stallions inhabited these mountains just above the farms Klein Geluk, 
Welgevonden and Leeublad (Millar, 1970a). These animals were exposed to the wrath 
of owners of these farms each spring when they moved down to graze on their green 
wheat fields. It was suggested that the chief reason for the decline in Kammanassie 
zebra numbers, from an estimated 30 animals in 1956 (Skead, 1956), was their killing 
by farmers (Millar, 1970a). That they were able to survive in these mountains at all is a 
consequence of the ruggedness and inaccessibility of the terrain. To curb this rate of 
loss, the relocation of Kammanassie mountain zebras became a priority. 
As a result, in November 1970, the CNC sent a game capture team to the 
Kammanassie Mountains. The team succeeded in driving two male zebras into nets on 
the farm Leeublad. The stallions, named "Tom" and "Jerry", were transported to a 
fenced 400 ha camp on DeHoop Nature Reserve. Over a year later, Jerry died of 
unknown causes and for no apparent reason, Tom was moved to the MZNP. The 
population at MZNP at the time was over 100 animals. Tom, a large robust animal, 
succeeded in becoming a herd stallion, Siring up to ten foals (Novellie, in /itt.). In 
September the following year, a second trip to the Kammanassie Mountains was 
undertaken by the same game capture team. On this trip, the new drug cocktail of M99-
hyascine-acetyl promazine, initially used in the Outeniqua and Kouga captures was 
utilised. Nine zebras were captured but three died as a consequence of improper 
dosage and of stress. A further two were "Iosf' and one stallion was killed when the 
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wire cable connecting the transporting stretcher to the helicopter snapped at 600 feet. 
Only two of the nine animals survived and were successfully taken to De Hoop. The 
population on the Kammanassie Mountains thus also dwindled to no more than five 
animals. 
3.1.8 The present situation 
The decimated Cape mountain zebra metapopulation persists today as part of three 
small relict stocks: Cradock (MZNP), Kammanassie and Gamka. Each population 
suffered gross reduction and apart from the Kammanassie male "Tom's" success at 
Cradock, the three stocks have remained isolated from each other. It has been less 
than two generations (30 years) since the Kamrnanassie and Gamka populations were 
at their 10'llest level. HO'llever, as all three populations were significantly reduced in 
number for over 100 years, genetic drift may have affected these small, isolated stocks 
over a longer period. The duration of these bottlenecks is expected to be reflected in 
population genetic analyses since prolonged low population numbers and hence high 
genetic drift will randomly drive alleles to either high frequency and fixation or to low 
frequency and extinction. 
The population at MZNP increased to numbers large enough to make possible the 
founding of satellite populations. The first of these was at De Hoop Nature Reserve in 
the southern Cape where seven animals 'llere reintroduced between 1963 and 1975. 
Large-scale translocation occurred shortly thereafter. In 1978 the first 16 of 76 Cape 
mountain zebras were moved to the Karoo National Park (KNP) at Beaufort West. 
These were the first of many translocation events resulting in the redistribution of Cape 
mountain zebras to no less than six National Parks, 10 provincial reserves and 17 
private reserves (Novellie et at. 2002). Of the 1600 Cape mountain zebras in existence 
today, an estimated 1499 (94%) have their Origins solely at the Mountain Zebra 
National Park. This extended network of satellite populations will be referred to 
collectively as "Cradock-derivedD to distinguish them from the original population at the 
MZNP. 
Given that the MZNP population suffered a genetic bottleneck of 19 animals, satellite 
translocations, while expanding the geographic distribution of Cape mountain zebras, 
were short-sighted in that the genetic complement of each population was unknown. 
Each translocation can therefore be seen as a secondary bottJenecking event, further 
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exacerbating the effect of genetic drift and resulting in a number of smaller, more 
inbred populations of Cradock-derived mountain zebra. These populations were 
intermittently restocked by more MZNP animals and latter1y from the increasing KNP 
population. 
The 49 430 ha Kammanassie Nature Reserve was proclaimed in 1970 to protect the 
last remaining mountain zebras of that area. Since then the founding population has 
grown slowly to its largest post-bottleneck size of over 40 in 1999 (G. Cleaver pers 
comm.). A major setback to the survival of this stock has recently occurred. The 
Department of Water Affairs began abstracting artesian water from the Kammanassie 
Mountains in 1993 for the nearby town of Dysselsdorp. Since then, almost all of the 
zebras' natural watering points have dried up, resulting in them having to undertake 
hazardous treks down to farmland in the south of the mountain range. In the last three 
years, four animals (a mare and three foals) have been killed in a variety of mishaps 
that occurred during this journey. The population therefore no  stands at 38 
individuals. When only breeding individuals are counted, a much smaller effective 
population size results (Table 3.1). The rugged and inhospitable nature of the 
Kammanassie Range poses another problem in that the zebras in the east have no 
contact with those in the west. Proactive management is required to make sure that all 
individuals contribute to the gene pool. 
Land totalling 9428 ha in the Gamka Mountains was finally purchased and the Gamka 
Mountain Nature Reserve (GMNR) proclaimed in 1971. From its bottleneck of six, the 
population now comprises 28 animals (T. Bany, pers. comm.) and is the smallest of the 
three remaining Cape mountain zebra stocks (Table 3.1). 
Table 3.1. Social organisation and effective population size in four key Cape mountain 
zebra populations. Values are given for (Br)eeding (M)ales and (F)emales, subadults and 
(Bach)elor males. The effective population size (Ne) was determined by the formula 1/Ne=1I4 
(1IBr M +11Br F). a, T. Barry (pers. comm.); b, G. Cleaver (pers. comm.); c, W. Dorgeloh (pers. 
comm.); d, P. Lloyd (pers. comm.) 
Br M Br F Subadult M Subadult F Bach M TOTAL Ne 
Gamka 4 16 2 3 3 28 12.8 
Kammanassie b 12 18 2 5 1 38 28.8 
MZNp c 63 107 20 22 6 218 158.6 
DeHoopd 9 19 10 12 20 70 24.4 
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De Hoop Nature Reserve has the only known population derived from an equal 
proportion of two relict stocks, Kammanassie and Cradock. Mountain zebra population 
growth at OeHoop has been steady since its founding (Novellie et al. 2002). Examining 
the genetic complement of this population relative to the others may provide clues that 
could facilitate the efficient management of the subspecies. Since the ill-fated game 
capture operations of the 1970s, the CNC stopped all movement of animals from 
Kammanassie, Gamka and OeHoop on the grounds that these populations were too 
small and sensitive and in order to protect their "genetic integrity". It is thanks to this 
conservative approach that some of these populations still exist, and both 
Kammanassie and Gamka have shown positive population growth over the last 15 
years (Fig. 3.5). Furthermore non-reproducing bachelor groups have recently formed 
on these reserves (Table 3.1). However, depending on the genetic status of extant 
Cape mountain zebra stocks, this 'hands off approach may need to be revisited. 
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Figure 3.5. Growth over time in studied Cape mountain zebra populations according to 
data compiled by Novellie et al. (2002). KNP, Karoo National Park; MZNP, Mountain Zebra 
National Park; KNR. Karoo Nature Reserve; GDNR, Gariep Dam Nature Reserve; BNP, 
Bontebok National Park. Demographic growth graphed only to 1988 as more recent information 
was not available for all populations. Figures were modified from original data to account for 
periodic reintroductions to satellite populations. The authors recognise that the abnormally high 
population growth of KNP for the period 1995-1998 is due to a census error occu rring in 1995. 
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when the same result was obtained in more than 90% of the amplifications. 
Consequently, only nine (Gamka 2, 4, 5, 6, 9, 10, 11; Kamanassie 1 and MZNP 14) of 
12 weathered samples, one (Gamka 12) of 11 faecal samples and four (Gamka 20, 
MZNP 2, 3, 4) of the seven tanned samples were usable. Figure 3.6 depicts the PCR 
products obtained from some of these samples. 
A 
Gamka KNP I BNP 
24 5 69101112303132333435363738 
110b~ 
'-108bp 
Gamka KNP I BNP 
B 
Figure 3.6. Visual comparison of amplification products of both weathered (Gamka) and 
recent (KNP and BNP) Cape mountain zebra samples at two microsatellite loci. Figure 
3.6A, locus HMB1 (Binns et al. 1995); Figure 3.6B, locus UCDEQ505 (Eggleston-Stott et al. 
1997). 
Even from these raw data it is apparent that Cape mountain zebra populations have 
lost genetic variation. Locus HTG 5 (Fig. 3.7A) and locus LEX 20 (Fig. 3.78) show this 
extreme loss of variation in two populations of Cape mountain zebra relative to free 
ranging Hartmann's mountain zebra and plains zebra respectively. 
Otjivasandu Kammanassie 
30 31 32 33 34 3536 3738 39 40 41 42 43 44 45 46 47 48 49 50 I 1 2 3 4 5 
Figure 3.7A. Relative amounts of allelic variation between free ranging Northern 
Hartmann's mountain zebra (Otjivasandu) and a population of Cape mountain zebra 
(Kammanassie) at microsate"ite locus HTG 5 (Ellegren et al. 1992). 
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Western Zimbabwe Karoo Nature Reserve 
31 3233 34 35 424344 45 46 47 48 50 51 52 I 50 51 525354 55 56 57 58 59 60 
Figure 3.7B. Relative amounts of allelic variation between Zimbabwean plains zebra and 
a population of Cape mountain zebra (Karoo Nature Reserve) at microsatellite locus LEX 
20 (Coogle et al. 1996). 
3.3.2 Allele frequency histograms 
The raw data are best summarised in allele frequency histograms. Included here are 
four histograms (Fig. 3.8) that illustrate the different population scenarios resulting from 
random drift in the three small Cape mountain zebra stocks as well as OeHoop. which 
is a Cape mountain zebra population descended from a mixed origin of equal numbers 
from Kammanassie and Cradock. Combined data from seven free ranging Hartmann's 
mountain zebra populations were included for comparison. 
It is apparent that the dramatic bottlenecking of Cape mountain zebra populations has 
promoted a tangible loss in allelic diversity. This loss was further exacerbated by the 
effect of genetic drift on small populations to the extent that some stocks have become 
fixed for just a single allele (see also Table 3.28). Figures 3.8C and 3.80 provide 
further evidence of continuing drift in the Cradock rnetapopulation, where one allele is 
drifting to fixation at the expense of several others that occur at very low frequency. 
The Hartmann's mountain zebra metapopulation, by contrast. has a greater and 
generally more evenly spread compliment of alleles. The Cape mountain zebra 
population at OeHoop Nature Reserve, seeded in the early 1970s, shows a greater 
allelic diversity than any of the three stock populations at only two of the fifteen studied 
loci (Fig. 3.8A and 3.88). At both these two loci, OeHoop possesses alleles that do not 
occur in other Cape mountain zebra populations. indicating that at the time of seeding, 
genetic diversity in at least one of its parent populations was higher than it is at 
present. 
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Figure 3.8. Allele frequency histograms for four microsatellite loci showing the 
distribution of alleles in five groups of mountain zebra; the three relict Cape mountain 
zebra stocks (Gamka, Kammanassie and Cradock). the mixed-descent Cape mountain 
zebra population at DeHoop and the entire Hartmann's mountain zebra metapopulation. 
Fig. A, Locus AHT 21; Fig. B, Locus UCDEQ 505; Fig. C, Locus LEX 20; Fig. D, Locus COR 
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Table 3.2. Nuclear IIlAlrilAtiiCo variation in mountain zebra U:Quus based on 15 
microsatellite loci. for number show that some "'U~IU'<:"""" were 
sutlJec:teCl to two events. denotes the number of animals in 
each IJU,",'Yli:lUUIl the number of alleles and is the number of nnlvrnnm,hir loci in each 
The mean number of alleles per locus is corrected for the 
of 
based on 
allele 
?, unknown. 
unbiased .... " ........ T'''Fl of 
calculated ~I"t'nfl'!int'l to Nei {1 
Table 3.2A. Genetic variation in Hartmann's mountain zebra 
Mid-Central 
North Central 
11 55 14 3.36 0.5255 0.5143 
Northern 
Table 3.2B. Genetic variation in 
Karoo NP 
Karce NR 
Cradock 
Cradeck 
3.23 0.4333 0.5590 
101 74 15 3.51 
mountain zebra POI!)u',atic)nG 
19 and 76 13 28 9 
19 and 20 13 29 10 
19 and 24 10 25 6 
0.5009 
1.76 0.1470 0.2239 
1.85 0.2872 2 
1.63 0.1590 
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IE N Table 3.3. Exact tests for from zebra P values indicate the 
S; 
of at p > 0.05 ;::: of random of that is HWE. The null cannot be 
~ or p > 0.01 The null of HWE can be for p < 0.01. combinations still from 
~ HWE after Sonferroni correction at p < 0.01 were denoted p < 0.01B. In some instances no test was Dossible (-) due to ~ f.;;: across a 
S; 
(!) 
<: 
a:: HTG3 HTG5 HMB HTG7 HTG9 HTG 11 HTG HTG LEX 52 VHL LEX UCDEQ AHT TKY COR Global 
i2 Locus 1 14 15 47 20 505 21 273 014 o. 
u Gamka ** "'''' '" "'''' ** "'''' ** ** ** "'''' 
IIiIli IIiIli 
~ Kammanassie 
"'''' 
iii'" 
"'''' 
.. '" 
.... .... 
f.;;: .. ** 
.... 
** 
CJ) 
~ MZNP .. iii .. '" .... .. '" ** .... "iii .... p<O.01 .. .. 
!=:: Karco NP ** * .. iii .. ** * .. * .. ** .... .. .. .. * ::s 
~ Karco NR. ** * .. .... ..* ** * .. ** .... "' .. ..iii .. * 
Ii: DamNR ** ** .. * ** ** ** .... 
~ Bontebok NP .. iii ** ** ** .. * .... .... ** *,. 
.q: 
'-!:!:: DeHooD NR ,.,. .. ,.,. ,.,. ,. .. ,. .. .... .. .... .... .. * "' .. *" gs 
u Khomas .. ,.,. ,.,. ,.,. ,. .. .... .... p<O.01B .. ,. .. ** .. ** ~ .... ,.* p<O.01 
~ Hochland 
tI5 ** 
,.,. 
* .. * ** ** .... .... .... ** ** 
... ... .. 
*" 
M * .. ** .... .... .. * *" .... .. * 
.... .. ,. .. ,. " .. ** 
~ .... * *,. *,. .. ,. "* .... *" .. * "" 1Ii* ** 1Ii* ,.,. ** 
~ Naukluft ,. .. ** *,. p<O.01 *,. ,.,. .* .* ** ... ** ** ** ** u 
.... .... * .. 
** 
* .. ** .. ,. "* ,.1Ii ** ... ** .... ** *,. 
** .... ** *111 **' p<O.01B 111* ** ,,* .. III .... 
.... ,." .... n.enn1A *" 
Global locus "' .. 111* ** .. * 111* "* * .. .... * .. .... .... 111* "* 1Ii* ... 1Ii* 
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Table 3.4. 4n2Iv'Clti ... of molecular variance in mountain zebra Do,)ul.ttions. The fixation 
index to fJ, Weir and 1 and the " ......... It""", .. of the variation 
that is distributed among groups are scenarios. -. "'inl'ifi ... ·""nt 
with p < 0.001; -. with p < 0.01; ", ",n"",,...,.nT with p < not "iii ..... "t (p > 
1 
2 
4 
1 
2 
Combined mountain zebra 
0.2166 ...... 
0.2788 ...... 
0.2361-
mountain zebra 
%Va 
0.3368**" 33.68 ...... 
0.4272...... 28.43'" 
SuIOSt)ec:les was l:IInllll\JC:on 
was 
Hartmann's mountain zebra 
%Va 
0.0566 ...... 
0.0611 ..... 
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____ 3.5. testa of differentiation between mountain zebra P are for each 
,..... p < n n5 NS not sianificant (D > 0.05). The box in with p < "* with P < . '" CI) 
8i the encloses the MZNP ooDulation and its the lower ~ of mountain 
~ 
a:1 I Gamka Kamma. MZNP KNP KNR GDNR BNP DeHOOD Khomas Gamsbera Auasbera Eronao Naukilft l.I: 
'" ~ Kammanassie *** i!: MZNP *** *** 
:::> Karoo National 
'II'll'" 0 *** *** 
CI) Park 
~ Karoo Nature "'''''II *** 'II'll'" 'II (!J Reserve 
~ Dam **'" *** *** ** *** gs Reserve 
~ Bontebok *** *** * ** *** *"'* National Park 
CI) *** *** *** *** *** *** "'** 
I! 
Khomas *** *** *** *** *** *** "''''* *** Hochland 
"'** 'II'll. 'II'll. ",'II'll .*'" .** *** *** *** 
AuasDeril **. *** • ** * •• *** "'** *** *** *** * 
*** *** **. **. *** *** "''''* *"'* "''''''' "'* 
Naukilft *** *** *** *** **. .*. *** ••• **'" *** • • 
"'** •• * *** .** *** *** *** *** *** *** * ** 
**'" *** *** *** *** *** *** .** *** *** *** *** *** *** 
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Table 3.6. Palr-wise fixation indices betwesn zebra Values the estimator 
and for 
, after 10 000 
Gamka 
Kammanassie 
MZNP 
Karoo National 
Park 
Karoo Nature 
Reserve 
Dam 
Reserve 
Bonlebok National 
Par1\: 
DeHoop 
Khomas Hochland 
Auasberg 
Erongo 
Naukluft 
Otjivasandu 
Gamka Kamma 
0.3947 
... 
0.4480 
... 
0.3165 0.4697 
... ... 
0.4125 0.6054 
... ... 
0.3540 0.5255 
.,. 
0.4995 0.6868 
... 
0.4332 0.5899 
... ... 
0.3849 0.4690 
... ... 
0.3833 0.5016 
... 
0.3799 0.4785 
.... 
0.4647 0.5732 
"" .... 
0.3514 0.3759 
... 
0.3101 0.5071 
... 
0.2833 0.4699 
"" 
0.4029 0.5406 
... 
MZNP KNP KNR GONR BNP DeHoop 
0.4932 0.5643 0.5108 0.6285 I 0.5477 0.3508 
**,... .... *'* 
0.5289 0.5934 0.4924 0.3021 
... ... ... 
0.0466 
HS 
0.0269 
HS 
0.1527 
.. 
U.U041 u.u808 0.1797 
., 
0.0519 0.0935 
" " 
0.0232 0.1722 
HS ... 
0.1045 0.1378 
... ... 
0.0071 0.2222 
HS ... 
0.0504 0.2758 
HI ... 
0.0676 0.1944 
... "" 
0.1927 10.2720 
... ... 
0.0799 0.0626 0.0297 I 0.2424 
... ... 
... .. ... 
0.2716 0.2975 0.2745 0.3426 0.3051 0.2192 
... M .. ... "' ... 
0.2305 0.2391 0.2075 0.2987! 0.2439 0.1538 
.. ** ... ... ** .. 
0.3245 0.3111 0.2946 0.3967 II 0.3322 0.2923 
• .. ti 1IWf ti ... 
0.1279 0.1147 0.1232 0.1246 0.1513 
HS HI " HI " 
0.2479 0.2535 0.2236 0.3137 0.2829 0.2039 
.. ** ........ ... 
0.2351 0.2159 0.2199 0.3009 0.2584 0.2204 
.. ... ... ti IHr .. 
0.2692 0.2675 0.2779 0.3474 0.3046 0.2438 
** ** tit ... 
Khomas 
0.2595 
... 
0.2917 
... 
0.2577 
... 
0.2948 
... 
0.2592 
... 
0.3071 
... 
0.2751 
... 
0.1697 
... 
0.0284 
HI 
0.1511 
... 
0.0848 
.. 
0.0526 
.. 
0.0420 
... 
0.0497 
.. 
.. innifil"ant at p < 
zebra DODUICUIUI 
contains 
Gamsb8lg Auasberg Erongo 
0.2980 0.3795 0.2906 
... 
0.3631 0.4326 0.3557 
** 
0.2736 0.4111 0.3366 
0.3330 0.4690 0.4248 
... ... 
0.3069 0.4258 0.3614 
... ... .... 
0.3531 0.5212 0.4517 
.... 
0.3202 0.4656 0.3996 
... ... ... 
0.1815 0.2631 0.1001 
... ... 
0.0329 0.0726 0.0846 
"* ... ... 
0.0628 0.0465 
... 
0.1056 0.0525 
" HS 
0.0382 
HS 
0.0331 
HI 
0.0414 
, 
0.0210 
HS 
0.0825 
HS 
0.1337 
HI 
0.1479 
... 
0.1796 
0.0795 
HS 
0.0910 
HS 
0.0612 
" 
Naukluft 
0.2853 
0.3438 
.. 
0.3395 
0.4203 
0.3479 
... 
0.4500 
0.3932 
0.2011 
0.0435 
-0.0593 
... 
0.0472 
HS 
0.0056 
HS 
0.0271 
HS 
0.0586 
... 
above the .-Ii ", ....... n", 1 
.... atp < 
The box inside the 
""All"'ll"llnell"'ifl'!lAAeo of 
Kamanjab 
0.2476 
0.3562 
0.3346 
0.3902 
*" 
0.3430 
0.4157 
0.3776 
... 
0.2304 
... 
0.0677 
... 
0.0527 
0.0757 
... 
0.0258 
HS 
0.0157 
HS 
0.0209 
" 
OtJV8sandu 
0.2878 
0.3210 
... 
0.2847 
-0.3142 
. 
0.2878 
0.3314 
... 
0.2995 
0.2038 
... 
0.0723 
... 
0.0460 
0.0714 
... 
0.0347 
* 
0.0449 
... 
0.0224 
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POPULA TION STRUCTURING IN SOUTHERN AFRICAN ZEBRAS 
ERONGO 
OT JIVASANDU 
IO-IOMAS 
GAMKA 
GDNR 
KAMMANASSIE 
0.1 
3.9A. standard l'.Ielletiic diisulnce, Hel 
KHOMAS 
AUAS KAMANJAB 
OTJIVASANDU 
ERONGO __ --------:;\ 
GAMKA 
GONR 
KAMMANASSIE 
MZNP 
0.1 
3.9B . Cavalli-Sforza and Edwards 
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KAMMANASSIE 84 
0.1 
3293 years 
3.ge. • Goldstein et at. 
AUAS 
GAMKA 
3.9. Unmoted )Oininlg trees of three gelraet;1C distance measures between 
of mountain zebras. Nodal <::innifil"-"1Ir, ... ", was determined 1000 bo()tstrap 
7"'hr~~c: are to 
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1000 
Geographic distance (km) 
3.10A. standard ael1etlic diisblnce, Nei 
0.6 
0.5 
U 5!. 0.4 
.. 
... 
c 
!i 0.3 
'iii 
... . . 
i 
li02 
1::1 
0.1 
0 
0 1000 1000 
Geographic distance (kin) 
3.10B. Cavalli-Sforza and Edwards 
o 1000 1500 
Geographic distance (kin) 
3.10C. , Goldstein et a/. 
y '" Oo0001x'" 0.1275 
R'" 0.4878, p<O.01 
y = 0.OOO1x'" 0.2672 
R2 = 0.6139 p<0.01 
::: 0.0007x ... 0.3716 
::: 0.3707, ~.01 
3.10. Correlation of 
in mountain zebra polpullatiio 
distance with three measures of I'IIA,nA.tif!: distance 
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Table 3.8. Test for isolation l1i~:t.Arlil"A in mountain zebras three distance 
statistics and 
Table 3.9. Correlation of gelnetic diversiltv with three "'''''1'1",11'" ... distance 
statistics 
two me1tap()p 
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such that some 
Table 3.10. times in years with 95% confidence a 
time of 16.5 years, the time of between mountain zebra based on 
the distance statistic. The upper left box times between 
mountain zebra stocks and the middle box shows times between the mountain zebra 
and each Hartmann's mountain zebra 
mountain 
Gamlca Kamma. Cradock All Khomas Gams. Naukluft 
CMZ 
Kammanassie 30706 
±10906 
Cradock 60205 29740 
±15534 ±12757 
Khomas 122060 58152 54450 
±70749 ±28412 ±38232 
99241 40848 33443 4145 
±47568 ±15655 ±21732 ±2455 
168944 92641 55738 41049 32517 
±73848 ±49500 ±27406 ±24509 ±23663 
Naukluft 90629 38513 40928 7767 6318 37910 
±54732 ±18995 ±26440 ±2495 ±2294 ±19196 
85237 45637 33121 18834 12878 40445 9578 
±39037 ±17023 ±13844 ±9739 ±6520 ±21007 ±3059 
123830 68737 47045 10383 8813 29056 9860 6801 
±59762 ±27124 ±26360 ±5151 ±4427 ±12033 ±4829 ±2817 
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as spE~cunlo occur, estlecially 
to isoliaticm 
more 
in 
nm,~.\rAaSDoIDulati()ns 
are 
Table 3.11. Effective number of between the mountain zebra 
and Hartmann's mountain zebra Values 
for the estimate obtained from Rho to Ciofi and Bruford are 
below the and values obtained the alleles method 
are above the 
Khomas 
Hochland 
0.4086 0.3488 0.2696 0.2679 0.2457 0.2542 
Khomas 0.4435 1.0459 0.3462 1.1523 0.7744 1.0722 
Hochland 
0.6524 4.2730 0.7185 1.1022 1.6391 1.4614 
1.1983 1.3491 3.1444 0.7174 0.7783 0.6137 
Naukluft 0.6081 2.2502 3.6446 1.4467 1.7638 0.8550 
0.5843 2.8528 2.8948 1.2493 4.4903 1.9233 
0.4270 2.3898 5.8334 1.9180 2.0063 5.8695 
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Table 3.12. IIJAr'l'Ar""'''''A of mountain zebra aelr'101:VDEIS CI~ml!CtlIV to 
their or stolckls/rE~i(ms of 
the left and Hartmann's mountain zebra on the 
are written in bold. 
Gamka 
Kammanassie 
Cradock 
MZNP 67 
Karoo NP 85 
Kamo NR 92 
OamNR 100 
NP 93 
Kammanassiel 
Cradock 
93 
1 
0.1, 
mountain zebra results are tabulated on 
CKS/KeOIOlls and mrresoorldirull values 
Central 
Mid-Central 
Khomas Hochland 89 
91 
89 
Naukluft 89 
North-Central 80 
80 
Northern 94 
93 
78 
100 
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Gamka 
Naukluft -t-~~~-~~~--- ErOhgo K homas 
KamanJab Gamsber~ 
OtJlvasandu 
Kammanassie 
OeHoop 
KJ!,tDN~­
.... "MZNP 
KarooNP I 
GDNR 
Figure 3.11. Mountain zebra populations subjected to principal component analysis. 
Populations are plotted against the first two principal components which account for 72.1 % of 
the variance in the data. Namibian populations from the Northern region are colour-coded in 
pink, the Central region in red and Cape mountain zebra populations in blue. 
3.3.4.11 Effective population size 
Ne estimates from Cape mountain zebra genetic data are much higher than direct 
population estimates, representing a clear shift from mutation-drift equilibrium in these 
populations (Table 3.13). This can be explained by the fact that extant Cape mountain 
zebra populations were reduced to very small numbers. Although some loci are already 
monomorphic in some Cape mountain zebra populations, indicating prolonged drift, 
those loci which are polymorphic still contain enough remnant variation to maintain a 
significantly high Ne. Thus, Cape mountain zebra stocks retain more gene diversity 
than their small sizes imply. The Ne values presented in Table 3.13 therefore give an 
indication of the population size at which the current levels of within-population genetic 
diversity can be maintained. It is also imperative that these numbers be reached as 
soon as possible since as long as the actual population size remains lower than Ne , 
alleles will continue to be lost. When dealing with endangered taxa that have 
experienced similar population bottlenecks, it is proposed that, instead of drawing 
erroneous conclusions from direct estimates of Ne , conservation authorities regard 
genetiC estimates as the "minimum effective population size" required to prevent further 
loss of genetic diversity. In the case of the two critically small Cape mountain zebra 
stocks located at Gamka and Kammanassie, both require an Ne of almost an order of 
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assume 
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in noClllr",rr'7\Jnnlr", excess. 
Table 3.13. Estimates of effective POl:tlul;ltioln size in mountain zebras. a, T. 
b, G. Cleaver d, Navellie et a/. 
with census and direct estimates. 
Kammanassie Nature Reserve 38 b 29 b 406 355 
Mountain Zebra National Park 21 e e 511 433 
Nature Reserve 54 24 910 706 
Karoa National Park 250<.1 182 9 380 334 
Karoo Nature Reserve 1 <.I 87 9 506 430 
Dam Nature Reserve 58 42 9 234 215 
Bontebok National Park 17<.1 12 9 404 353 
Mid-Central 7868 d 5722 9 
no no est. 
Nth-Central 1135 826 g 
Naukluft Sth-Central 2338 d 1700 g 
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Table 3.14. of two tests for in all mountain zebra 
and both M< 0.81 and 
or for excess < 0.05 a/. indicates 
MinimumM as ofM. 
Garza & Variance P-value: 
ofM 
0.062 11 
9 
0.055 8 
0.050 12 
0.075 9 
0.064 10 
0.078 6 
Park 0.060 8 
0.028 15 
0.029 14 
12 
0.055 14 
13 
14 0.7492 
0.036 15 0.7003 0.0128 
All 0.051 14 0.9973 0.3129 
All 0.023 15 0.9872 0.0151 
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Table 3.15. PolvmlDmhic sites In 781 of mountain zebra of control 
AUASBERGI 
AUASBERG2 
AUASBERG3 
CRADOCKl 
CRADOCKl 
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Chapter 4: Population genetic structuring in southern African 
plains zebra (Equus quagga) 
4.1 INTRODUCTION 
Equus quagga, the plains zebra, is the most common and successful of all wild equids, 
inhabiting the vast tracts of African savanna from Equatoria Province in the Sudan to 
the Karoo in South Africa. Described as Equus burchelli by Gray in 1824, its 
classification warrants re-appraisal after recent molecular evidence showed that it was 
indistinguishable from Equus quagga, the extinct Cape quagga (Higuchi et al. 1987). 
As the quagga was first described by Boddaert in 1785, the name E. quagga should 
take precedence over E. burchelli. 
Figure 4.1. Damara plains zebra (Equus quagga antiquorum) in Chobe National Park, 
Botswana. Distinguishing features depicted here include the long mane terminating in front of 
the ears, dark muzzle in adults, diminished striping on the limbs, shadow stripes within white 
regions on the rump and hindquarters and a paucity of stripes on the lower limbs. 
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thought that this variation was the result of continuous gene flow between Damara 
zebras and both the Burchell's zebra and the true quagga (E. q. quagga) where striping 
of limbs and hindquarters was almost completely absent (see Fig. 4.2). 
E. q. boehmi 
• 
E. q. quagga (extinct) 
Figure 4.2. SUbspecif"1C distributions of plains zebra (Equus quagga) in Sub-Saharan 
Africa. As clinal and intrapopulation variation in stripe pattern is considerable, the above should 
act only as a rough guide. 
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4.3 RESULTS 
4.3.1 DNA isolation and amplification 
DNA was isolated from either whole blood or dry salted skins. Some loci amplified 
more optimally than others, although PCR was successful for all 184 samples. 
Cape mountain zebra P .. lns zebra 
Botswana South Africa 
9 10 11 1213 14 151 T 1 1 2 3 4 5 6 7 8 9 10 1112 1314151 1 2 3 4 5 6 7 
187 bp 
206 203 ..... 
234567 234567 
Figure 4.3. Visual comparison of allelic diversity in plains and mountain zebras at two 
allelically poor microsatellite loci. Locus LEX 52 (Coogle and Bailey, 1997) is pictured above 
and locus VHL 21 (van Haeringen et al. 1998) below. Allele sizes are given in base pairs. Plains 
zebra samples begin at T, which is the single plains zebra sample from an unknown location in 
Tanzania. 
High genetic variation in plains zebra populations relative to Cape mountain zebras is 
immediately apparent at loci with both low (Fig. 4.3) and high (Fig. 4.4) allelic diversity. 
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Namibia Cape mountain zebra Botswana South Africa 
8 7 8 9101112131415161718192011 2 3 45 6 7 89101112 131415161718191 Til 23 4 5 67 8910111213141511 234 5 67 
148 bp 
..... 150 bp 
Figure 4.4. Variation between populations of southern African plains zebra (labelled 
Namibia, Botswana and South Africa) and various Cape mountain zebras at HTG 7 
(Ellegren et at. 1992), an allelically diverse microsatellite locus. T, is the single plains zebra 
sample from an unknown location in Tanzania. 
4.3.2 Inter-locus disequilibrium 
After 1000 Markov chain simulations, the null hypothesis of statistically significant 
association between loci was rejected at the 99% level (p > 0.01) for all pair-wise 
comparisons. All loci were therefore assumed to be unlinked for this data set. 
4.3.3 Nuclear microsatellite genetic variation and population structuring 
4.3.3.1 Genetic variation 
Observed heterozygosity (Ho) and allelic diversity (A, the mean number of alleles per 
locus) were significantly higher in plains zebra populations than in either subspecies of 
mountain zebra (Plains zebra vs HMZ: Ho, p < 0.001; A, p < 0.01; vs CMZ: Ho, 
p < 0.001; A, p < 0.01; Student's two sample t-test). The mean number of alleles per 
locus present in the entire plains zebra meta population (10.23) was significantly higher 
than the equivalent value in mountain zebras (6.23, p < 0.01) and in horses (6.07, 
p < 0.01) when tested with a Student's two sample t-test. The mean number of alleles 
was not significantly different between mountain zebra and the horse (p > 0.05). Horse 
allelic data were obtained from the literature for a minimum of 20 unrelated individuals 
for HMB1 (Binns et al. 1995) to over 100 horses of different breeds for UCDEQ 505 
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Zimbabwe Valle -Umfolozi Crookes Falls 
Zambezi ** 
Namibia *** *** 
Botswana *** *** *** 
Lowveld *** *** *** *** 
Hluhluwe-Umfolozi *** *** *** *** *** 
Vernon Crookes *** *** *** *** "'** *** 
Albert Falls *** *** *** *** *** *** *** 
Harold Johnson 
*"'''' *** *** *** *** ** *** *** 
return a 
in 
ml"ll~nua::. populatlionls are 
most non-
i::Sots""anla is ClnsellV a:SS()CIif:lte'a 
more 
as it 
is 
recent 
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nu.",,,,,,,., <>',,"""''''IC was 
Rho 
Table 4.6. Pair-wise fixation indices between zebra IXIIJUIi.UO'RS. Values for the 
estimator 8 are 1'1'". .......... "., and values for the estimator Rho are below 
the nl~j"lnn~1 p> 
at p < 0.001, after 10 000 
at p <.... at p < 0.01; "**, 
The box in the upper left encloses 
the Northem uu ....... :mu' and the box in the lower encloses the KwaZulu-derived 
Western Zambezi Namibia Botswana lowveld Hluhluwe Vernon Albert Harold 
Zimbabwe Valley -Umfolozi Crookes Falls Johnson 
Western 0.0087 0.0352 0.0189 0.0287 0.1104 0.1361 0.1775 0.1135 
Zimbabwe NS ...... .... ...... ..- ..- ...... ...... 
Zambezi 0.0087 0.0407 0.0465 0.0274 0.1346 0.1666 0.2259 0.1534 
NS ,.... .... .. ...... "** ...... ...... 
Namibia 0.0592 0.0679 0.0279 0.0330 0.0989 0.1391 0.1708 0.1071 
...... .. ...... ...... .... .. ...... .... .. ...... 
Botswana 0.0379 0.0732 0.0438 0.0285 0.1126 0.1586 0.1933 0.1319 
.. .. .... ...... ...... 
.. -
.. .... ...... 
lowveld 0.0160 0.0243 0.0358 0.0484 0.0665 0.0908 0.1275 0.0681 
NS NS .... .... ...... ...... .. .... ** .. 
Hluhluwe- 0.1832 0.2274 0.1067 0.2030 0.1184 0.0610 0.0620 0.0291 
Umfolozi _ .. "** "** ...... 
_ .. 
...... 
..-
.... 
Vernon 0.1921 0.2500 0.1423 0.2235 0.1187 0.0383 0.0815 0.0609 
Crookes .... " " .... ,.,. .. ...... .... " " .... * *** 
Albert 0.2857 0.3316 0.2218 0.3162 0.1964 0.0801 0.0441 0.0881 
Falls .... * ...... -.. ...... .... * ...... .. *** 
Harold 0.1279 0.1818 0.094 0.1772 0.0796 0.0044 0.0432 0.1005 
Johnson ...... .... .... ...... .. NS NS "" 
LU'IIVVt;!lfJ o;::,::amlnu::'O;:: were cornol,etelv rE~SOIIVe~a 
cases Wf=t.c::tf~m llnliJalOVli'e 
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Int1lnCi:nn was most l<11.l15eiV r'''I~lt'''t'I 
BOTSWANA 
ALBERT 
FALLS 
0,1 HAROLD JOHNSON 
ZAMBEZI 
VALLEY 
4.5A. standard "",n"'T ... Nei 
LOWVElD 
ALBERT 
FALLS 
WZlMBABWE 
NAMIBIA 
~=---------- BOTSWANA 
)------- HLUHLUWE 
VERNON 
CROOKES 
-UMFOLOZI 
HAROLD 
JOHNSON 
4.58. Cavalli-Sforza and Edwards 
to 
cases. 
eXIt:eI)t in case 
Im'tnl'r'\'7i source. 
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~1 
3293 years 
4.5C. • Goldstein ef a/. 
ZAMBEZI 
VALLEY 
HAROLD 
JOHNSON 
4.5. Unrooted neighl,ou trees of three gel!1etiic distance measures between 
of 
Western 
zebras. Nodal 
""ClIL.II.IIU POIDul;atl()ns are rI""'I:I:("~'nI"IM 
to 
structure in 
was determined 1000 
uwre-IUnrttClllo:1'1 source, 
to 
e)(t)ecteCl as a 
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OJ 
" ~ 
'ii 
" i 
c 
.. 
CI 
4.6A. 
0.. 
0.' 
-;; 
QM 
.. 
... 
c 
i0.3 
'ii 
... 
i 
i 0.2 
CI 
D., 
4.68. 
..., 1COO 
Geographic distance (11m) 
standard Nei 
.. 
,.,. 1COO 
Geograptlic distance (km) 
Cavalli-5forza and Edwards 
.. 
. . 
1COO 
Geographic distance (kml 
4.6C. • Goldstein et a/. 
"'" 
'''''' 
"m 
y = O.OOO2x + O.12n 
R'=O.2803 
y = 15-(4)( + 0.2926 
R" =0.3146 
y = 0.0011" + 0.3417 
R'= 0.1787 
4.6. Correlation of 
zebra POIPluliilticms 
distance with three measures of II'IIAI"lAtiiro distance 
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Table 4.7. Test for isolation distance among zebra POI:»UlliltIClnS three 
distance statistics and 
most ",ff.~rof~,.n sltatilstic was 
Table 4.8. Correlation of in-iIlOI)U!lilUC)n aenE!tlc dl\l'An:11tV with three aell1e1llC distance 
statistics and 
most r11!::t~l1t 
no more an 
same 
sources 
The five 
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POIPUliEltlC)nS are 
Table 4.9. times in years with 95% confidence 
time of 16.5 years, the time of 
the distance statistic. 
Western 
Zimbabwe 
Botswana 
Lowveld 
KwaZulu 
(1 
a 
seems 
24426 
±9417 
30263 
±14367 
22939 
±9457 
13602 
±5473 
±32598 
between 
Zambezi Namibia 
Valle 
50546 
±15534 
56261 22255 
±20082 ±S680 
40063 22537 
±12274 ±9980 
171276 89543 
±62861 ±24871 
were Isolatea. 
mean reDeat 
a m:::IJll1'iml 1 
zebra based on 
Lowveld 
24346 
±5795 
114977 65074 
±32598 
nAll'IATIr. Vl=ln;;lnlllTV in 
in 
a 
is aDI:>rO:Kimlatetd 
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.. .,.,,''''' ..... 1...,. as 
ClaSSE~ is 
g:om,tnl"g:o e:I(DE~EKI to 
is thoCll, .. .:ld' ....... "" an 
in 
Table 4.10. Mean and modal microsatDllite size in three SPIllQB5. Means were 
tested a Student two "''''., ....... ,," .... a normal distribution and 
with the horse were restricted to 14 loci as these were the 
variances. 
data available. 
(p> to the mean in > 
to the mean in mountain not c::inr,ifir.::llnt (p > when 
to the mean in not ... "' .... Ii,....,.hl'" 
Mountain zebra Plains zebra horse 
12.7 NSP 13.2 NSM nla 
12.0 NSP, NSH 12.7 NSM, NSH 14.4 NSM, NSP 
Modal size 11 11 13 
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Mountain zebra 
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
Plains zebra 
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
H rse 
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
Number of repeats 
Figure 4.7. Allelic distributions showing the similarity in repeat length that results from 
constraints in allele size in mountain zebra, plains zebra and the horse. Bars in black 
describe the distribution of alleles in the 14 microsatellite loci for which horse allelic data were 
available. Grey bars show the added data for the remaining locus (AHT 21) in zebras. The 
horse distribution is standardised relative to the total zebra data. 
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o 
two 
on OPIPo~;lte east to west. 
were "'_.'n~,~ ':'''I:<tin~t.:~c< a:ssclCialted a 
a rnl'Y'lhin 
nhl""'ir • .corl are most to Ii""'''''' .. 'h... hic<ltnri"",,1 
,YO .......... , ... poptJla1t10rlS was 
at not 
Table 4.11. Effective number of 
southern Africa. Values for the 
between the zebra polPulatic)ns in 
and ..... ''''nn. are 
method 
Westem 
Zimbabwe 
WZimbabwe 
Zambezi 14.3112 
1.9851 
Botswana 3.1742 
lowveld 7.7011 
KwaZulu 0.5169 
estimate obtained from Rho "'_"'~T ".,.,. ... mI, 
below the nl~'rlnn~1 and values obtained the 
are above the rlj~''1nn:::l1 
Zambezi Namibia Botswana Lowveld 
Valle 
2.0642 1.5184 2.9203 1.9040 
0.9762 1.5334 1.467 
1.7164 2.069 1.164 
1.5825 2.7259 1.769 
5.0155 3.3669 2.4570 
0.3844 0.8095 0.4322 0.9023 
to 
alleles 
KwaZulu 
0.8794 
0.2011 
0.6865 
0.6989 
1.1091 
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1 
a 
Table 4.12. P ... , ...... , ............ of multilocus zebra aell10tVDlElS c~l)m!Ct11V s!5Si!!;InEtd to their 
PGI!,ullaticms or localities of SU[)SpleCltIC values are written in bold. 
Northern 99 
Western Zimbabwe 90 
Zambezi 100 
Namibia 100 
Botswana 100 
Southern 99 
Lowveld 91 
Kwazulu 100 
Hluhluwe-Umfolozi 100 
Vernon Crookes 95 
Albert Falls 100 
Harold Johnson 100 
E.q. 94 
E. q. 100 
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4.3.3.12 Principal component (PC) analysis 
After 1000 permutations, only PC one was significant, accounting for 54.4% of the 
inertia in the microsatellite data (p < 0.01, abscissa axis, Fig. 4.8). PC tvvo described 
10.9% of the inertia (p > 0.1, ordinate axis, Fig. 4.8). The total inertia in the plains zebra 
data set described by the two-dimensional Figure 4.8 is therefore 65.3%, but only 
separation along the abscissa axis will be considered here as significant. Local genetic 
structuring in southem African plains zebra is not supported as the Lowveld population 
clusters closer to the Northern group along the abscissa axis. The E. q. chapman; 
grouping occurs only along the ordinate axis and is not significant. PCA provides 
further support for the grouping of Hluhluwe-Umfolozi with its satellite populations and 
the genetic separation of these KwaZulu populations from others in the sub-region. 
Vernon Crookes 
Zombezi Val ley 
W2imbElbw8 
Lowvald 
0 
Harold Johnson 
Albert Fells 
Botswana 
Umfolozi-Hluhluw8 
Namibia 
Figure 4.8. Plains zebra populations subjected to principal component analysis. 
Populations are plotted against the first two principal components which describe the majority of 
the variance in the data. Northem populations are in red and pink; Southem populations in blue. 
Equus quagga chapmani are in red; E. q. antiquorum in pink and blue. 
4.3.3.11 Effective population size 
Genetic estimates of Ne were high (>1000, Table 4.13) for all E. quagga populations, 
reflecting the high levels of genetic diversity observed previously (Table 4.2). Census 
estimates for all Northern populations and direct estimates of Ne were not higher than 
genetic estimates in Namibian and Zimbabwean populations, suggesting that extant 
plains zebras in these areas are not able to maintain their present levels of genetic 
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In case DOIDul;aticlns were SeI:!aEla 
Table 4.13. COlmDal 
Hack et al. b, 
and .",.,,,,, .. ,.. 
is 
nru'""rc~lT\I is eXJ>ected 
are 
of extant and effective zebras. a, 
}"'n"'i"t' ..... ""r'lf of Environmental c, of Wildlife 
tsotswcma: d, G. pers. comm.; e, Bowland et al. 2001; f, 
determined 
consists of 
the formula (11Br M +11Br 81.8% of any ",v",,,,a,.'v 
no 
with a sex ratio of 1 :1.38 National 
steID-w'lse mutation 
Zambezi 
Namibia 
Botswana 
Vemon Crookes 
Albert Falls 
Harold Johnson 
3 
a recent 
3165 3 
5000 b 
in 
infinite alleles model 
2522 
3985 
23873 
even 
88 
40 
7 
6732 
11415 
8451 
2726 
1861 
2731 
are 
3012 
4196 
3481 
1633 
1235 
1635 
cut 
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he1:erc)zv,Qo1:e excess 
in 
Table 4.14. of two tests for POliJUliiUllI:pn h,nnl,Anl!!!f!iI'inn in all zebra 
POIJUUUlOlns. M < 0.81 and "'lillli~_ for het,emzvorote excess < 
0.05 indicates UULIU."".U. nn1'n"'n"''''~~lnn Minimum M calculated as M minus 
variance of M. m"'l~".n(\n 
Garza & Williamson's Variance of Numbar of non- P-value: 
All All loci 
Westem Zimbabwe 0.875 0.011 15 0.98721 0.00003 
Zambezi 0.787 0.041 15 0.78940 0.01508 
Namibia 0.850 0.025 15 0.51102 0.00003 
Botswana 0.852 0.014 15 0.83487 0.00513 
South Africa 0.854 0.030 15 0.38077 0.00002 
Hluhluwe-Umfolozi 0.752 0.056 15 0.21060 0.00050 
Vemon Crookes 0.063 15 0.70026 0.00066 
Albert Falls 0.057 14 0.29150 0.01477 
Harold Johnson 0.054 15 0.01508 0.00021 
KwaZulu 0.055 15 0.31934 0.00011 
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was 
::::: 
IUC:lec)t(Cle 1'1,\10,.",1'\1 was at ± v .... v .... '''''..,. 
Table 4.15. t"OIIYnIO sites in 756 of zebra of control sequence. 
BOTSWANA1 
BOTSWANA2 
BOTSWANA3 
BOTSWANA4 
NAMIBIA1 
NAMIBIA2 
NAMIBIA3 
KWAZULU1 
KWAZULU2 
KWAZULlJ3 
LOWVELD1 
LOWVELD2 
LOWVELD3 
LOWVELD4 
LOWVELD5 
LOWVELD6 
TANZANIA 
WZIMBABWE1 
WZIMBABWE2 
ZAMBEZIl 
ZAMBEZI2 
ZAMBEZI3 
10 20 30 40 50 60 
----1----1----1----1----1----1----1----1----1----1----1----1----1-
AAGCTTTACTTACACTGAAGTGAGATTCTAAAAGCCCAACATTCAGAAACTGTTAAAAGGCAAGAA 
-AG--CCATTTATACTGGGATGTGATTCTAAGAGTTCAATACTTAGCAGTCGTCAAAAGGCAAGGA 
AAG--TCACTTACACTGAAGTGAGATTCTAAGAGCCCAATACTCAGAAGTTGCTGAAAGATAGAGG 
AAG--TCACTTACACTGAAGTGAGATTCTAAGAGCTCAATACTCAGAAGTTGCTGAAAGGTAAAAG 
A-G--TCACTTACACTAAAGTGAGATTCTAAGAGCCCAAC-CTCAGAAGTTGTTGAAAGGTAAGGG 
AAG--TTACTTACACTGAAACGAGATTCTAAAAGCCCAACATTCAGAAGCTGTTAAAAGGCAAGAA 
AAG--TCACTTACACTGAAGTGAGATTCTGAGAGCCCAGCACTCAGAAGTTGTTAAAAGGCAAAAG 
AAG--TCACTTACACTGGAGTGAGATTCTAAGAGCTCAATACTCAGAAGTTGCTGAAAGGTAGGGG 
AAG--TCACTTACACTGGAGTGAGATTCTAAGAGCTCAATACTCAGAAGTTGCTGAAAGGTAGAGG 
AAG--TCACCTACACTGAAATGAGATTCTAAGAGCCCAATACTCAGAGGTTGTTGAGAGGTAAGAG 
-AG--TCATTCACACTGAAATATAGTTTTGAGAGCTTTACACCCGGCAATTGCTGAAAGGTAAAAG 
AAG--T CACTTACATTGAAATAAGAT TCTAAGAGCCCAATACTCAGAAGTTCTCAGAAGGCAAGAG 
AAG--TCACTTACACTGAAGTGAGATTCTAAGAGCCCAATACTCAGAAGTTGCTGAAAGGTAAAAG 
AAG--TCACTTACACTGGAGTGAGATTCTAAGAGCTCAATACTCAGAAGTTGCTGAAAGGTAGAGG 
AAA--TCACTTACGCTGAAGTGAGATTCTAGGGACCCAATACTCAGAAGCTGTTGAAAGGTGAGAG 
AAA--TCACTTACGCTGAAGTGAGATTCTAGGGACCCAATACTCAGAAGCTGTTGAAAGGTGAGAG 
-AG--CC-TTTGTACTGAAATGTGACCTTAAGAGTTCAATACTTAGCAGTTGTCAAAAGGTAAGAG 
AAG--TCACTTACACTGAAGTGATATTCTAAGGGCCCAATACTCAGAAGTTGCTGAAAGGTAAAAG 
AAG--TCACTTACACCGAAATGAGATTTTAAAAGCCCAACACTCAGAAGCTGTTAAAGAACAAAGG 
AAG--TCACTTACACTGAAGTGAGATTCTAGGAGCTCAATACTCAAAAGTTGTTGAAAGGCAAAGG 
-AG--CC-TTTGTACTGGGATGTGATTTCAAGAGTTCAATACTTAGCGGTTGTCAAAAGGTAAGGG 
AAG--TCACTTACACTGAAGTGAGATTCTAAGAGCTCAATACTCAGAAGTTGCTGAAAGGCAGGAG 
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4.9. Mismatch distribution of differences between 
mitochondrial h::aI'lllnllvnA'Ii: Observed nalr-W'lse differences differ to that eXllec:tea 
if IJU~/UI""'U' underwent sudden ""'~l:3I",<::i""n 
results was not 
V!:IIri:::llnr-,I'lo in 
or 
zebra 
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Table 4.16. of DICCltvllllC molecular variance in zebra The 
fixation index and the ...... ' ..... r.t"" ... of the variation that is distributed among 
for different with p < not .""nft, ..... , ... , 
1 
2 
3 
Botswana 
and Southem 
and Boehm; 
: Northem and Southern and Tanzania 
: All and KwaZulu and Tanzania 
4 groups: Zimbabwe and Nam-Bots and S.Africa and 
Tanzania 
: Zimbabwe and Nam-Bots-Lowveld and KwaZulu 
and Tanzania 
0.03 
I 0.1125 
i a.. 0.1)2 
.:. 
I! 
::I 
.5 0.015 
~ 
8 I 0,01 
'6 
.. 1 0.005 
0.03010 NS 
0.31123 NS 
-0.01772 NS 
0.05066 NS 
0.08219 NS 
0.03186 NS 
O.02762 NS 
o~----__ ----~------~----~----~----~ 
Q 1000 1500 2000 3000 
Geographic dlstaneellkm} 
2.77 NS 
33.30 NS 
-5.21 NS 
6.5S NS 
10.76* 
10.33 NS 
7.37 NS 
2.98 NS 
4.10. Isolation distance among zebra mitochondrial naplClltYlles 
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VU'I.IVC:OY an uniresohired ITHlIyiFll11 
). uesiDlte a C!in'\iflr'llllnt ""',"' .. ,..,,, ...... a non-
a was 
BOTSWANA1 
NAMlBIA2 
100 LOWVELD5 
LOWVELD6 
100 KWAZULU2 
LOWVELD4 
52 LOWVELD3 
WZIMBABWE1 
84 BOTSWANA3 
NAMIBIA3 
WZIMBABWE2 
ZAMBEZI1 
NAMIBIA1 
84 LOWVELD2 
KWAZULU3 
ZAM8EZI3 
KWAZULU1 
BOTSWANA4 
LOWVELD1 
BOTSWANA2 
TANZANIA 
ZAM8EZI2 
HORSE 
0.1 
4.11.50% mauolrn:Y rule consensus maximum likelihood Dh1ifloloel,eliic h'IIn1",th_iiR 
zebra control 
Maximum likelihood branch 
hal~lotypteS. The horse was chosen as the 
were calculated a molecular clock. 
Quartet UUdCLllllU values are for branches with than 50% 
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90 I 
I 
52 I 
I 
89 
I 
I -_>"c-
50 I 
100 KWAZULU2 r 
I 
99 r 
l 
LOWVELD4 
KWAZULU1 
BOTSWANA3 
ZAMBEZI3 
BOTSWANA4 
LOWVELD3 
WZIMBABWE1 
NAMIBlA1 
ZAMBEZI1 
I /,-, -c-,ccC:."-c'-
LOWVELD5 
LOWVELD6 
NAMIBlA3 
KWAZULU3 
LOWVELD2 
WZIMBABWE2 
BOTSWANA1 
NAMIBIA2 
TANZANIA 
BOTSWANA2 
ZAMBEZI2 
LOWVELD1 
HORSE 
4.12.50% rule consensus maximum 
zebra control hatllOtlltDes. The horse <"Qua"' .... ! was chosen as the 
nodes more than 50% of 500 hnntdrj:3n rEtplic::atE!S are shown. 
to ..... ""'''i ..... ' ......... ,,"'; ... in 
a tOP,Ologle<:llly "'i....,,;I"' .. is most 
structure was <:lIn''\<:lIr,c.nt 
1). nO¥IIeVtEU 
a recent COclle5,cel1ce 
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nn.:.~r.:.n on one 
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in 
""ff",.I"t", "glnp,!:,,.. Ai",+ ........ "" on a 
even 
nor was in elucid,atirlg 
r1ic>,...r""n~lr'I"'\J between 
the 
PO~)UlaItI011S that was detjectEK1 
is 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
POPULATION STRUCTURING IN 
not 
<=01;,\ ...... '......:. helten:)'Z)I'col:e l'I,pfir'j..,.rlMl was nn.,,,,,n,,,,,n 
cases 
DOIDul;atIC)nS is not 
seem to 
over is to to 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
CHAPTER 4: GENETIC 
across rotE:!CtEK:I area 
was as 
nmt",,.t~ areas 
not act as a liicono'"C!!:lI1 
LOliWlRln two DOIPul,atIC)ns 
events are 
are 
in 
in 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
POPULA TlON STRUCTURING IN SOUTHERN AFRlCAN ZEBRAS 
west 
an Intl"B-,"eOIIOnal DlnVIC)oe!OOlra 
a <C::lnlnitl,':::a assessment was 
was de'tected "" .... , .... ",1'1 
was not 
were not 
in 
in across most 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
CHAPTER 4: GENETIC STRUCTURlNG IN THE PLAiNS ZEBRA 149 
1,j00sWc:ma seem to 
N"" ...... ihii"" :::;umllstl:mc:e n.""" ... ·hi"'n is 
zero. In dis.tarlce,..hE~telrOzva()sil!)1 
area 
as 
term. 
nt ... ·rulO.nlnln areas. 
1'\.:. ........ <:1, ... .:.,,,, water 
POIDuliatlcms is 
areas 
to 
,,,,,,,,,,,,eu at 
to occur 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
to 
our .,,""'m .... 'I ... 
is 
in 
POPULA TlON STRUCTURING IN SOUTHERN AFRlCAN ZEBRAS 
over 
if 
DDE;m\ireIV on ..... 11"1101'", Slpec:les in 
to 
exi!ste!CI in IHI;i-lllI\j'H ISolaltlon 
in 
is eX):lected 
were se.~E~d 
so 
were 5et:lUt~U 
reserves, it 
dec:rel:lSe in ...... '''' ... iI .... ollVelrsRV. Uco...c:IU'ilI'C 
o or 15 
as 
if 
a 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
CHAPTER 4: GENETIC STRUCTURING IN THE PLAINS ZEBRA 
same SelOOE!O reserves 
once mnlAn'IAn,tArI in 
most SUI:::cesstul m~'lnt:::lln~ a .... Fllml ... r.nruln 
CO,:llel;ce in 
Oel!ectea oetweE3n pOpIJIa1UOrIS on 
structure 
are not 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
POPULA TION STRUCWRING IN SOUTHERN AFRICAN ZEBRAS 152 
one 
nrn,UI n, .... I !:II I reserves. 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
structure 
renara was an 
in ~U"'UICII 
at "'I'lI'''''''''' 
structure 
(1 one or more 
153 
more 
once 
is 
extant 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
POPULA TION STRUCTURING 
a 
It is tha, ..... f,"' .. .,. propo~;ed 
in 
a 
structure or 
in 
in 
nI'D"run was 
more 
same 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
CHAPTER 5: CONCLUSIONS 155 
two 
rlO1lVe"er were not nhlr.:.il"i.c>rI over 
<:;;~ ....... is 
... orh",r"" t'II"""I"o,."" in to 
as a measure 
In is 
in 
are 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
POPULATION STRUCTURING IN SOUTHERN AFRICAN ZEBRAS 
in 
1"" ... '1'11"\""'"0.... in N"",m,h,,,,, 
more numerous gelletilcally Cl!lVeli'Se. are concern. 
it is 
C!'t'lICIII'1Ct'l in 
is one 
in 
It is 
.............. It 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
157 
An,nn"mr)IJ.<: 1970171. The Andries Venter research centre. The Provincial administration the 
uelPBI1mlenrof Nature Conservation annual 27: 33-38. 
W. F. H. 1960. Mammals Government Lusaka. 
W. F. H. 1974. Order t-'elllsc)aa1ctvl;a.ln: The mammals an ide.nmrcslOOn manual 
H. 14: 1 ,...14. Smithsonian Institution D.C 
... ,,"""'.'" O. 1951. Die T'ft __ "_ die Zebras. Un, ... n",.", V.'IIUl,BUgellere 11: 1 -148 . 
F. Kil1lnJ::.llnn R. J. J. K. 
1987. Current Protocols in Molecular H'/"l,/n/"l'u 1. Interscience 
J. C. 1994. Molecular """'.nr .. ,,..., Natural and Evolution. and New 
York. 
J.W. M. 1995. Is mitochondrial DNA a neutral marker? Trends. 
Eco/. Evol. 10: 485 - 488. 
J. T. J. 1995. UUI.JldLIUII MBlna'r:ternel'lC for Survival and Ke,ooll'erv 
Columbia New York. 
K. 2001. Genetix 4.01, Software for Laboratoire 
et of IIlIn ... tn, .. I ... r France. 
Bigcllke, R. 1952. 
Wildlife 6: 143-153. 
of the mountain zebra ...... ' ........ zebra zebra. African 
M. N. 
micro satellite loci in the horse and their use in 
-15. 
A.M. The identification of nnlvmnmhi,.. 
Br. Vet. J. 151: 9 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
J. C. L. F. 1981. 
in Death 
variation in transferrin allele 
herds of feral 
IVIBI'TIm'!i/. 62: 58 - 63. 
National Califomia. J. 
HOClIClaetrt P. 1785. I-IA'~"'" Animalium 1. C. R. pp 174. 
D.2000. around an extinct ntAI,nnA mrs'ma;r/onal Wildlife 32. 28 - 35 
J. Cavalli-Sforza L. L. 1994. 
resolution of human 
457. 
nnl'lIm'r'll',...nl .... microsatellites. Nature 368: 455 -
A. P. F. van 
2001. Estimation and ::.n:::lnl'!!lml'!!lnr of in small of 
South Africa. Biochem. Eoo/. 29: 563 - 583. 
Hm."",,,,",,, H. M",l1In" .. " S. Mn'''t .. ' ....... ' ...... ; W. US\IIClSIOn W. S. 1 
structure and effect of founder events on the nAn"'f'''' tr.:Ir'i",hilit" of moose, Alces 
Canada. Mol. Eoo/.8: 13091315. 
H. 1995. sarooids. A clinical and epiderniological 
Acta Vet. Scand. 36: 223 - 236 
in relation to 
M. and S. 1988. Association between 
D. 
zebra 
in 
and sarcoid tumors in the of Swedish halfbreds and 
some of their families. Vet. Immuno/. 19: 215 - 223 
CUff. 
R. K. 1993. Microsatellites and their l:lInl"lli .... l'lti .... n to 
Genet. De vel. 3: 939 - 943. 
H. A. 1889. Kloof and kanno: 
notice of the game 
Green and London and New York 
gene in the horse - itiAntifi .... l'lirinn 
and natural in 
distribution of ame/ol)es and 
and S. 1996. 
and a 
nl:llflr.nn, .. n.~"'" of sarcoid. Res. Vet. Sci. 61: 114 - 119 
uu""",,,. with a 
game., 
role in the 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
P.1956. 
-402. 
G.1999. 
A.1936. 
- 112. 
R. 
in small of mutant Ufl/su/omla. Evolution 10: 367 
white Timbila 4: 88 - 95 
"'., .......... 1'1., ... and individual variation in the Burchell zebras. J. Mammal. 17: 89 
w. A. C. 1984. sites and the mechanism of 
evolution in human mitochondrial DNA. Genetics 106: 479 - 499. 
Y.2002. 
data sheet. IUCN Conservation assessment malnao!ement 
zebra zebra taxon 
South Africa. 
L. F .... ""~rttC> A. W. F. 1 ::;0"::;11"<::"<::' models and estimation 
Evolution 32: 550 - 570. 
B.1987. and its ... "",IIIt",..."", 
consequences. Ann. Rev. Eco/. . 18: 237 - 268. 
M. W. 1999. Genetic structure and gene flow among Komodo 
microsatellite loci Mol. Eco/. 8: 517-530 
E.1996. dinucleotide loci LEX015 - LEX024. Anim. 
Genet. 27: 217 - 218. 
E. 1997. dinucleotide loci LEX049 - LEX063. Anim. Genet. 
28: 378. 
Comuet J.M. and Luikart 1996. !l:t"n,nTlt,n and power of two tests for n"""~"'T"'n 
recent bottlenecks from allele data. Genetics 144: 2001 - 2014. 
J. F. 1986. Basic IYIn,..".nt.<: in DOI':IUla,rlOn OUlinl1lramre and C'VI.."UlIV' f'IP!r.IP!t/(~.<: pp 29 -
69. New York. 
A. R. 1986. Mitochondrial DNA in natural 
I. Methods and levels of in D. silvestris and D. 
heteroneura Helreo/tv 56: 75 - 85. 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
O. 1995. A method for nrAn~r;::[iti(," of faecal DNA 
suitable for PCR. Nucleic Acids Re~)earch. 23: 3800 - 3801. 
J. and n~l'1ln"',nt P. 1970. A field to the london. 
R. V. and M. O. 1966. Atlas of Protein :Sel'1Ue.nce and , .... ,,""",<1". National 
Research Silver ...... -.r.'n,.,'" 
FnITl~I'nc< S. 1999. Heterosis and 'fnr ....... I ............ ,,,,,,,, • .,,"','" in intE!rptlpullaticln crosses a 
wide range of Evolution 53: 1757 - 1768. 
H. C. T. 1991. DNA and 
with trimeric and tetrameric tandem rAn,.~tl':: Am. J. Hum. Genet. 49: 746 - 756. 
M. A. T. 1997. 
Nine din ucleotide at microsatellite loci 2, 
UCDEQ505. Anim. Genet. 28: 
370 -371. 
and of 
153: 161 -170. 
W. P. S. 
F. M. 1998. and evolution of the mitochondrial DNA 
control cats 
P. 
and conservation 
U""mm",li", t-euaaE!). Mol. Ecol. 10: 65 - 79. 
J. Mol. Evol. 47: 613 - 624. 
S. 
of 
1"'1"1' ... .," .... W. E. 2001. 
/JJ:>,"rn,,,,m onca, 
J.l. 1993. Horse of a different colour is Natl. 184: 142. 
L 1992. of 
micro satellites in the horse. Anim. Genet. 23: 133 -142. 
Excoffier. L., 
distances among DNA 
Genetics 131: 479 -491. 
J. 1992 ... n'>lv":",, of molecular variance inferred from metric 
ADIOIiCatlCm to human mitochondrial DNA restriction data. 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
M. D. D. B. 1997. Microsatellite " .. " .. ",.. 
distances with range constraints: 
207 -216. 
rt .. !~ ... ri"ti"ln and of estimation. Genetics 
J.1981. trees from DNA sequences: A maximum likelihood 
J. Evol. 17: 368 - 376. 
S. R. E. A. C. 1983. Mitochondrial DNA 
evolution in mice. Genetics 105: 681 - 721. 
R. A. 1935. The of inductive inference. J. Stat. 98: 39-54. 
S. J. F. A. F. W. 1995. 
Microsatellite evolution in ... nl'1,,, .. r, .. 
12: 1106-1113. 
mammals: domestic and """nn,'1"I Mol. BioI. Evo/. 
J. N. B. 1995. Microsatellite allele in humans and 
"11,...",,,,," .. for constraints on allele size. Mol. BioI. Evo/. 12: 594 - 603. 
J. E. G. 2001. Detection of reduction in 
micro satellite loci. Mol. Eco/. 10: 305 - 318. 
the African wild 
P. 
L. 
M. J. 
R. K. 1993. Molecular and 
LVL'~U".-. ____ ,. J. Heted. 84: 450 - 459. 
size data from 
J. 
mhnl,." .... ir~1 ""n"""" .. '", of 
D. A. M. L. L. 1995. An evaluation of 
" .. 'n"" .... distances for use microsatellite loci. Genetics 139: 463 -471. 
S. J. 1997. n"'~"U"""OL.. A colledion of programs for unbiased 
estimates of differentiation and 1'I .. 1t"'rT"""'"n their for microsatellite data. 
Mol. Eco/. 6: 881 - 885. 
and D. F. 1998. sarcoids. Vet. Clin. N. 
Amer. Pract.14: 607. 
vv'u .... ,,". J. 1999. version 1.2. Software for on 
.... "'""',, ... data. Institute of of Switzerland. 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
POPULATION 
J. E. 1824. A revision of the 1L.'4~"""ClI'C'. Zoo/. J. 1: 241 - 248. 
J. E. 1852. Cala/olJUe of Mammalia in the British Museum. 
277. London. 
lnnWR;rR and FIlIr.lnj~rfA 3: 
J. H. 1983. habits of the mountain zebra zebra zebra Linn. 1 
Koedoe 26: 159 - 168. 
C. P. 1974. rJU .. ,,,",,,",,, Asses and Zebras in the Wild. Curtis 
Florida. 
61. 
B. 1960. A of game of the SAlopnl'Ati Plains. Z . .:sat/gel'Iem 25: 1 -
E. A. 1992. ,"",.,rrnrm .. ,,., the exact test of 1-I"',·l"Iv •. \I\I" ..... I'I, .. , .... 
alleles. Biometrics 48: 361 - 372. 
nnrflnr.", for 
D. I. 2002. Status and Action Plan for the Plains Zebra 
Asses and Horses: status and Conservation 
Action Plan. Mnj!>hlrn~n P. Switzerland. 
E. H. 2001. DaPSA 4.91, a program for DNA and sequence c::In~IIV!':I!': Wildlife 
Genetics iniv .. .-.:<itv of South Africa. 
a program for .... ClIII~UI .. ,UI and from 
microsatellite data. Wildlife Genetics South Africa. 
D. A. G. 1989. PrlI1r.J1'1/1!>.!:: of Po,.ulation Genetics. Third Edition. 
USA. 
Z. 1994. Genetic 1Il0l 1'1 11""f, 1'1 in the ICUI 'uu"'''' Bison ",,,',,,,,",,,.,<, and the 
n,fi,-",,,,-,,, of AIAll"tft1lntll'fAtjr. Illetel'O~,goSity for conservation. Cons. Bioi. 8: 167 - 174. 
K.1985. of the a molecular 
clock of mitochondrial DNA. J. Mol. Evo/. 22: 160 - 174. 
P. W. 1999. variable loci and their int".rnr,,,,t,,,i~in ... in evolution and conservation. 
Evolution 53: 313 -318. 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
S. T. D. 1992. of sequence DNA in Sal'!m,Rmm 
CeI19VIS:/ae. Mol. BioI. 12: 2749 ~ 2757. 
B. 1974. Faunal 
to the Carnivora. 
of the late Cenozoic of southern 
4: 149 -161. 
W. 1966. I-'n'jl'/Ogl.:melt/c ,")]VSremal:/CS. of Illinois 
R. L. 
IL. 
A. C. 1987. 
Mitochondrial DNA of the extinct quagga: relatedness and extant of 
25: 283 ~ 287. 
J. Mol. 
C.2OO0. 2000 IUCN Red List of Threatened i:l>pt''''BS. Switzerland 
and ~ ...... "r"'1..... UK 
E. M. ""1'."""'''' C. I'I!" ... I'" .... A. J. 
D. F. 1999. dinudeotide loci COR001-COR020. 
Anim Genet. 30: 225 - 226. 
I...ClY."UCI, P. J. L. 1996. from molecules to and back. 
11: 424 - 430. 
A. N. Z. 1988. mutation rates to new 
alleles at tl:ln,t1Arn_n~NO.titiI1'" loci in human DNA. Nature 332: 278 - 281. 
M. L. 1993. LUIIUCV of in Intl-!mJ~tin,nal Zoo Yearbook 31: 159 -
169. 
E. 1971. behaviour and of the Hartmann's mountain 
zebra hartmannae 1898 in South West Africa. D.Se. of 
Pr".tnri~ South Africa. 
E. Notes on in the Hartmann's mountain zebra 
hartmannae in South West Africa. M800(lUB ser. 8: 31 - 35. 
W. H. 1987. A remote method for h.",ini ...... skin 
Cons. BiO/. 3: 261-262. 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
L. 
inbred song sparrows 
S. C. 1994. Selection 
,","',"'UI"""," bottleneck. Nature 372: 356 - 357. 
M. 1980. A method for rate of base substitutions 
.... n .... n<>r"'iii" .. studies of nucleotide sequences. J. Mol. Evol. 16: 111 - 120. 
M. 1983. The Neutral 
UK. 
of Molecular Evolution. 
J. F. 1963. The measurement of effedive number. Evolution 17: 
279-288. 
J. F. 1964. The number of alleles that can be m",int •• in~.1'1 
C:;FH1Rtil~<: 49: 725 - 738. 
in a finite 
The Kinnd()fI field to African mammals. Academic press london. 
S. A. M. L. 1998. chromosomal 
variation in suni N .. ,ntn~nl,'.<: moschatus Anim. Cons. 1: 95 - 100. 
M. 2001. MEGA2: Molerular Genetics 
... n'~I"<:'"'' cu\ftw'",r .. Arizona State USA. 
R. 1993. Risks of extindion from and environmental 
and random ....",t'!lI<:<t'rnnln .. <:< Am. Nat. 142: 911 - 927. 
R. 1995. HrAl"rlir,n based on the of 
...... ,,, .. t,,.. variance. In: for Survival and Ke,ooverv J. 
T. pp. 318 - 340. Columbia New York. 
O. 1999. A software program to calculate distances and create trees. 
Centre National de la Recherche France. 
P. and R. in sarcoid-
affected horses. Vet. Joum. 17: 283 - 286 
and H. 1994. Studies on the and 
associations of 
75-80 
in sarcoid and summer dermatitis. Anim. Genet. 25: 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
1-/<111"1",,, W. F. H. 1998. The effective size of 
structure. Mol. Bioi. Evol. 15: 264 -
276. 
of short frameshifts in tandem 
r" ... ".h<l""" M13 in Escherichia coli K~1 2. Nucl. Acids Res. 15: 5323 ~ 
5338. 
C. 1758 ..... ,,~.~,.,.-.~ naturae 1 edition 1: 74. 
P. H. 1984. The mountain zebra 1984. Afr. Wildlife 38: 144 -149. 
P. O. A. E. 1989. success and fitness in mountain 
zebra Ecol. and Sociobiol. 25: 411 - 420. 
distributions a test for recent 
-.:::'"',,, ..... , .. W. B. 1998. Distortion of allele 
bottlenecks. J. Hered. 89: 238 ~ 247. 
W. 1990. Mutation load and the survival of small Evolution 44: 
1725 -1737. 
B. 
radiation of Miocene 
B. 
R. C. 1988. I:XDIOSI've 
horses. Nature 336: 466 - 469. 
T. E. 1999. Ancient 
,nn .. v"""r old horses from Florida. Science 283: 824 - 827. 
M. 1990. Zambezi: of a River. Southern Book 
and in the horse 
25: 19-23. 
A. 1996. Sarcoid .1. clinical 
at the base of the 
ea)IOciV and extinction of 
Midrand. 
L. 1994. P""'",nll,,, 
microsatellites. Anim. Genet. 
65: 10 -17. 
P. 1898. ;:)1r.wn!OSA'Jef,JCnre der Gesel/schaft naturlorschender Freunde zu Berlin. pp 
174. 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
POPULA TION STRUCTURING IN SOUTHERN AFRICAN Ll""I"l""AI .... 
C. T. J. 1997. Mitochondrial DNA and .... n.nn.>ro::.iiiv .. 
Pedetes "'''~/''''''''''''' {IIII,,,,,,,,,,,, J. Mamm. Eval. 4: 53 
-73. 
T. J. 1999. Mitochondrial DNA structure of roan and sable 
for the translocation and conservation of the Mol. Ecol. 8: 227 -
239 
M.T. 1970. Estimates of natural biomasses of herbivores in the Umfolozi Game 
Reserve area. 34: 363 - 393. 
L. .. " .... """''". W. and S.1986. 
with sarcoid tumors and laminitis in two pure breeds. 
Imn1un.nnl'l'nAt 23: 221 - 225. 
L. 1996. A estimation of subdivision 
distances between alleles with 
1064. 
J. C. G. 1970a. Census of 
J. C. G. 1970b. Census of 
1.5d: a 
P. D. 2002. ed. cuu"""" 
Action Plan. 
1 DNA 
S.W. 1999. Bovine 
Virus Res. 61: 171 - 175. 
... 1-....... ,,. .. to microsatellite loci. Genetics 142: 1061 -
mountain zebras: P rt I. Afr. Wildlife 24: 17 - 25. 
mountain zebras: Part II. Afr. Wildlife 24: 105 -114. 
L. L. 1997. Microsat 
various statistics on microsatellite allele data. Human 
CA. 
Asses and Horses: Status and Conservation 
nillI1m~nri~:;iI1 gene exr:)re~SSI(m in sarcoid tumours. 
M. 1972. Genetic distance between ",,,,, .. I .. ,tinn Am. Nat. 106: 283 - 292. 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
M. 1978. Estimation of ''''''''r",,,.,,, roZ1ifOOSltV and ,..., .... "'+,;,.. distance from a small number 
of individuals. 89: 583 - 590. 
M. 1987. MOlfeCLllar uelneli'Cs. Columbia New York. 
S. 2000. Molecular Evolution and PhIJlnrY""n""tir'.<:: Oxford New 
York. 
P. J. 2002. 
Status and Action Plan for the Mountain Zebra In: ,;;;'" .. irl ... • L'>!!"U'''' Asses and 
Horses: Status 
Switzerland. 
and ;nn<::""'lI~I'lnn Action Plan. 
E. H. O. A. 2000. A survey of mitochondrial DNA: 
and conservation of Conservation 
Genetics 1: 341 - 355. 
C. 
J. D.E. 1985. Genetic basis for SDE!ClE!S in the 
cheetah. 227: 1428 - 1434. 
M. 1973. A model of mutation aO[)ro[uiate to estimate the number of 
detectable a finite Res. 22: 201 - 204. 
E. R. M. I. 1998. 
Microsatellite of 
Anim. ConseN. 1: 85 - 94. 
,..""" ... "' .... , in rr::lllm&'nT&'" South African buffalo 
M. E. 1882. La Nature. Paris 10: 12 
L. P. 
evaluation of distance statistics 
be/lefll~S 147:1943 -1957. 
C. 1997. An ",mini';.,,,, 
microsatellite data from bear 
B. L. 1975. Behaviour and of the mountain zebra 
zebra zebra 1758 in the Mountain Zebra National Park. Ph.D. of 
South Africa. 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
B. L. 1984a. 
zebra zebra. S. Afr. J. 
Jf'lC:"'NC12f1t,nc: on 
Res. 14: 89 - 90 
of 
B. L. 1984b. A Innn_,,'"" of social 
lemlsvcnOl. 64: 97 - 146. mountain zebras zebra zebra. Z. 
B. L. 1985. characteristics of a 
mountain zebra IoI"'''' .... rt Fed. 73: 51 - 55. 
zebra. M~,mm'~II::ln 314: 1 -7 
mountain zebras 
and behaviour of 
of 
B. 
mountain zebra 
P. H. 1987. f'I~rl!'lnrl!'1 of reDIUI:lIUCl,IVe l"::;m,A'Ar!'l of two 
J. Fed. 35: 661 -663. 
J. A. 1982. The conservationists and T. V. and Books of 
Town. 
R. E. 1978. Additions to the revised list of "n.", .. ,.""." material of the extinct 
quagga and notes on the .... I •• tll""I'"\.,n'l""\ and distribution of southern 
Mus. 77: 27 - 45. 
Ann. S. Afr. 
R. E. 2002. Are the two mountain zebra 
54: 20 -21. 
about Animals 
ROlISSElt, F. 1995a. GENE POP ''''''I"'C:'l""In 1 
exact tests and ecumenicism. J. Hel'ea~rv 249 
-1283. 
in a 
r"\U";:';:'~H. F. 1995b. An exact test for UULJUI..,mu. differentiation. Evolution 49 :1280 
J. P. 1994. Epi!delniologiical observations on sarcoid 
oft1nrlkA\/~ 'L.UU'A'" .. """",,. Vet. Ree. 134: 207 - 211 
W. R. 1989. Anl::;lv~tinn tables of statistical tests. Evolution 43: 223 - 225. 
M. J. S. J. 1993. The consequences of 1i"'""I""1",""" 
reduction and n",n",til"' aelllet.lOn in the ti::;"""'n:>ti Florida Cun: Bioi. 3: 340 350. 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
l"(oIClers.A. H.1992. makes waves in the distribution of 
wise differences. Mol. Bioi. Evo/. 9: 552 - 569. 
in a 
R. S. 
of bowhead whales from 
J. Mol.Eval. 49: 682 - 690. 
J. N. 1999. 
""'TTAn,,,, of microsatellite 
a botUeneck 
and 
R. 1999. version 3: an program for molecular POI)ul~atioin 
n .. rl .. ti,~c:. and molecular evolution Bioinformatics 15: 174 -175. 
M. 1987. The method: A new method for rAnnn!::tn 
nn\lInnl .. n' .. 'I .... trees. Mol. Bioi. Evo/. 4: 406 - 425. 
M. 1989. Relative efficiencies of the Itcnl-M:aJmlllll~n. maximum 
minimum-evolution and nh"'lnnIAn' .. ti .... tree 
reconstruction in 
T. 1989. Molecular 
hnr",tnrv Press. 
-A >:>""~r.lI''n1'V Manual. 
data :::tIn~UV"'i:I!:: Genetics and 
D. 1992. Slipipa~le ~"rntnF~~1 of 
20:211-215. 
maximum likelihood for 
von Hall'!sf'!ler 
amino 
ver. 2.000: Software for 
,n",gr."", of Switzerland. 
sequence DNA. Nucl. Acids Res. 
A. 2000. version 
and two-state data. Theoretical 
C. J. 1956. The zebra of the Kammanassie Mountains. JA">:>"',"",11t of Nature 
;nn.<:AfV;::Jflnn Annual 13: 19 - 22. 
R. H. N. 1990. The mammals of the southern African .<ilIJIiII'Rt:llnn 
,n", .. r'<lTv of Pretoria. 
M. 1985. Rare alleles as indicators of gene flow. Evolution 39: 53 - 65. 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
POPULATION STRUCTURING IN SOU7HERN AFRICAN ZEBRAS 1 
M. 1993. Isolation distance in and norl-eCIUIII!DI 
47: 264 - 279. 
M. 1995. A measure of IJU~/UIClIUUI subdivision based on microsatellite allele 
("P./1P.tll~C:: 139: 457 -462. 
Evolution 
G.L. 1972. Seasonal and age detennination of zebra 
National Park 1172 to 
M.Sc. rli!:t'~II"r1·:=.tir\ ... Dr".tnr;:=. Pr .. tr\r;:=. South Africa. 
G.L~ 1974~ r"PA ..... ... 
",v., ... ,,,,, ",v, characteristics of Burchell's zebra in the 
National Park. Ph.D. South Africa. 
R. P. H. A. 1963. Pril'lCllJl/es of Numerical 1<,,,,' ................ u W. H. Freeman and 
San Frandsco. 
microsatellite DNA for 
evaluation of the usefulness of 
bottlenecks. Mol. Ecol. 9: 1517 -1528. 
A. von Haeseler. 1996. Quartet a maximum likelihood method for 
tree Mol. BioI. Evol. 13: 964·969. 
H. 1997 Treatment of sarcoid with 
an nSDeClt'IC immunostimulant - remarks on the and the ., ... " .... t",n .. ,,, .. ., ~\.III::::;::;IUI 
of sarcoids ..... r.IIIWF!,'7p.r fur Tierheilkunde 139: 385 -391 
............. "", D. A. J . J. .. w,nnY"n R. C. 1989. In An Introduction to Genetic 
SU1S~IV,C::l,C:: 4th ed. W.H. Freeman 
0;:; ••• ;, ...... ", ..... "" J. M. M. 1997. Characterisation of twelve new horse 
microsatellite loci: AHT 12 - AHT 23. Anim. Genet. 28: 453. 
Version 4. 
bear 
D. L. 1998. PAUP". a;J!:=.r."m,nnv and Other Methods. 
USA. 
r""rn"" .. ,,,,,, J. 
UY'U WIC:', J. 1997. Noninvasive ,., .. n .. "',.. t""',~I<,",,,,, of the 
Mol. Ecol. 6: 869 - 876 
brown 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
M. 1996. Genetic distances and reconstruction of 
microsatellite DNA. Genetics 144: 389 - 399. 
M.19B4. sequences are 
genomes. Nucl. Acids Res. 12: 4127 - 4138. 
2000. The isolation and characterization of 1 B 
Genet. 31:149 -150. 
c. D. J. F., 
microsatellite 
D. 
REFERENCES 
hvl'''t'I'''t'I",tit'' trees from 
nnr''''M'"" of 
M. 
TKY272-TKY289. Anim 
R. 
B. D. G. 2001. Genetic evidence for Near-Eastem 
Nature 410: 10BB -1091. 
M. I. R. M. 1965. Game ml'lt'll'll"l",m and research 
13-22. 
distances between oceanic 
V.A"".AnI""fli.A,oC!\ Mol. Bioi. Evol. 14: 355 - 362. 
of the 
8: 
B. 1997. Microsatellite 
whale 
van der 
122 
N. J. 1962. The of nature conservation in South Africa. Koedoe 5: 1 -
van W. van de l. H. van der A. 1998. 
Characterization of 24 microsatellite loci. Anim. Genet. 29: 153 -156. 
J. R. 
of domestic horse Science 291: 474 -477. 
N. M. 1993. and assortative in 
In The natural of mnn::"",rflt'lll""f and nW'I1n:!FUl,mn N. 
P. ~tnJDe!Ck. C.1998. Genetic of Trends in 
t:::cc)/O(lV and Evolution 13: 43 - 44. 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
POPULA TlON STRUCTURING IN SOUTHERN AFRICAN ZEBRAS·, 172 
s. S. 1996. Genetic Data ifJj",,,,,,,,,," II: for discrete pOf.'Ulalflon f'ft:lf'lt:ltil' data. 
USA. 
B. Cockerham. 1984. F-statistics for the of 
structure. Evolution 38: 1358 - 1370. 
E.H. 2001. Post-bottleneck of I'!1I'!lnhl'llnt 
in South microsatellite Mol. Ecol. 10: 2139-2149. 
G. ~tnDDetCK, C. 1999. Genetic variation within and relatedness among wood and 
Genome 42: 483-96 
E.H. 2000. Microsatellite 
and southern African wild cat 
221-228. 
reveals that domestic cat 
distinct. Anim. Cons. 3: 
D. H. 1960. Mountain zebras. J. s. 63: 4-9 
"u .... "' ..... D. H. 1962. On zebras in the Mountains J. Mount. S. Afr. 65: 16-17 
S. 1931. Evolution in Mendelian IJU~JUldIUUI Genetics 16: 97-159. 
S. 1943. Isolation distance. Genetics 28: 139 -156. 
S. 1969. Evolution and the of IJU"'Uli:llIUfli,:). Vol. 2. The of gene 
niv, .. re<itv of 
